pc, a covering factor of CF ∼ 6%, and a dust-to-gas ratio of ≤ 4% times of SMC. We suggest that the strong IELs of this quasar are produced by nearly dust-free and intermediate-density gas located at the skin of the dusty torus. Such strong IELs, served as a useful diagnose, can provide an avenue to study the properties of gas between the BELR and the NELR.
INTRODUCTION
It is generally accepted that emission lines of active galactic nuclei (AGNs) arise from two well-separated regions: the broad emission line region (BELR) and the narrow emission line region (NELR). The BELR generating the broad emission lines (BELs) with FWHM ∼ 5000 km s −1 ; the NELR has a larger size (extended from ∼ 100 pc) and a lower electron density (n e ∼ 10 3 − 10 6 cm −3 ), giving rise to the narrow emission lines (NELs) with FWHM ∼ 500 km s −1 .
This separation of emission-line regions yields an obvious "gap" between these two regions, in terms of the locations, velocity dispersion and gas densities. According to the widely accepted unified model of AGNs (e.g., Antonucci 1993) , the dusty torus, located in somewhere between the BELR and the NELR, is exposed to the central ionizing source. It can be inferred that illuminated gas in the scale of the dusty torus can produce intermediate-width emission lines (IELs) through photo-ionization process. Recently, Li et al. (2015) detected prominent IELs with FWHM ∼ 2000 km s −1 in a partially obscured quasar OI 287, where the conventional BELs are heavily suppressed by extinction. The clearly detected IELs provide strong evidence for the existence of the intermediate-width emission line region (IELR), which has been in debate for two decades (e.g., Wills et al. 1993; Brotherton et al. 1994a Brotherton et al. , b, 1996 Mason et al. 1996; Sulentic et al. 2000; Hu et al. 2008; Zhu et al. 2009; Zhang 2011 Zhang , 2013 . Detail analyses to this quasars showed that the IELs are produced by gas located in the dusty torus. Besides, emission lines originated from the dusty torus are also found in the core of Fe Kα (Shu et al. 2010; Jiang et al. 2011; Gandhi et al. 2015; Minezake & Matsushita, 2015a, b) and coronal lines (Rose et al. 2015a, b) .
If IELs are produced by gas located in the dusty torus, they can provide an new opportunity to diagnose the gas properties of the dusty torus. For instance, the line widths of IELs may reflect the location of emission gas, assuming the gas kinematics are dominated by the gravitational force of the central black hole (Jiang et al. 2011; Li et al. 2015) . Also, the line intensity ratios of IELs can be used to constrain the gas physical conditions, such as the gas density and ionization parameter. In addition, the strength of IELs may reflect the mixture of gas and dust. The IELs in normal quasars are generally suggested to be weak compared with the conventional BELs and NELs, which is explained as that dust embedded in the IELRs absorbs most of the ionizing photons, and thus suppresses the line emission (Netzer & Laor, 1993; Mor & Netzer, 2012) . Nevertheless, gas may not always mix with dust. Finding strong IELs can be helpful for understanding the mixture between the gas and the dust.
Quasars with both rest-frame UV and optical IELs are useful to constrain the physical conditions of the IELRs. For high-redshift quasars, the rest-frame UV IELs can be obtained in a large number from the Sloan Digital Sky Survey (SDSS; York et al. 2000) . Nevertheless, the rest-frame optical emission lines of these objects require to be observed in the near-infrared (NIR). The Keck II (McLean et al. 1998) 10-meter telescope spectroscopically observed the rest-frame optical emission lines of 34 quasars in the NIR, which are initially used to study the variation of the fine structure constant through [O III] Heckman et al. 1981; Wilson & Heckman 1985; Christopoulou et al. 1997; Tadhunter et al. 2001; Véron-Cetty et al. 2001; Zamanov et al. 2002; Komossa & Xu 2007; Greene & Ho 2005; Wang et al. 2011; Zhang et al. 2011; Peng et al. 2014) . We also collected photometric data of this quasar from the SDSS, Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006) and Wide-Field Infrared Survey Explorer (WISE; Wright et al. 2010) . Before further analysis, all of the spectroscopic and photometric data have been corrected for a Galactic reddening of E(B − V )=0.028 using the updated dust map of Schlafly & Finkbeiner (2011) and converted to the rest frame of the quasar using the redshift z = 2.2116 2 . 
DATA ANALYSIS AND RESULTS

Emission Lines
The most For the doublets of C IV and Mg II, each doublet component is fitted separately with their relative intensity ratios fixed at 1:1. The Hβ shows an excess in the red wing (the "red shelf", Meyers & Peterson 1985; Véron et al. 2002) . Detailed study of this feature is beyond the scope of this paper, and we use an additional Gaussian to eliminate its influence. Absorption lines and bad pixels are carefully masked. We simultaneously fit all of these emission lines using an Interactive Data Language ( Table 3 . 
Broadband SED
As shown in Figure 2 , the broadband SED of SDSS J2324−0946 is identical to the quasar composite spectra (Vanden Berk et al. 2001 ) from the rest-frame ultraviolet (UV) to NIR, but has an obvious excess in the midinfrared (MIR). It is commonly believed that quasar SEDs in the NIR and MIR are dominated by the thermal radiation of hot and warm dust (e.g., Polletta et al. 2000; Klaas et al. 2001; Nenkova et al. 2002) . The MIR excess of this quasar implies a larger warm dust radiation. We decompose the SED of SDSS J2324−0946 into three components: a single power law to mimic the emission from the accretion disk, and two black body for the thermal radiation of the hot and warm dust. The results are shown in Figure 2 .
The ratio of the infrared luminosity to bolometric luminosity, L IR /L bol , is generally interpreted as an estimator of the dust covering factor (CF) (Maiolino et al. 2007; Hatziminaoglou et al. 2008; RowanRobinson et al. 2009; Roseboom et al. 2013) . From the observed SED of SDSS J2324−0946, we derive the NIR and MIR luminosity, L NIR = 1.7 ± 0.3 × 10 46 erg s −1 and L MIR = 3.5 ± 0.5 × 10 46 erg s −1 . Using the continuum luminosity at 5100Å (L λ (5100)Å) and the bolometric correction L bol = 9λL λ (5100)Å (Kaspi et al. 2000) , the bolometric luminosity of this quasar is evaluated to be L bol ∼ 1.1 × 10 47 erg s −1 .
With these estimations, the hot and warm dust CFs are derived to be CF HD = 15%, and CF WD = 31%, respectively. Compared with the measurement results (CF HD = 15%, CF WD = 23%) for a large sample of type I quasars (Roseboom et al. 2013) , SDSS J2323-046 has a typical hot dust CF and a larger warm dust CF.
With the estimated dust CF, the dust luminosity can be expressed as L dust = 4πR 2 dust CFσT 4 , where σ is the Stefan-Boltzmann constant, R dust is the distance of the dust to the central source, and T is the T HD ∼ 1260 K and T WD ∼ 450 K. These yield estimations of R HD ∼ 2.5 pc and R WD ∼ 20 pc. These estimations will be used to study the origin of the IELs in Section 4.2.
DISCUSSION
Physical Conditions of the Intermediate-width Emission Line Region
With the measurements of the line intensities of various emission lines, we investigate the physical conditions of the IELR, using photo-ionization model calculations. We consider a gas slab with solar abundance, which is illuminated by an ionizing source with an SED defined by Mathews & Ferlan (1987, hereafter MF87) . For simplicity, we assume that the gas is dust free and ionization bound 3 . The justification of these assumptions will be discussed later in detail. We perform the models using the CLOUDY code (Version 13.03, Ferland et al. 1998 ).
We calculate a two-dimensional grid with variable hydrogen density (n H ) in the range of 10 3 −10 9 cm −3
and ionization parameter (U ) in the range of 10 −3 −10 0 . Both of n H and U vary with a small step of 0.1 dex.
The calculated results are shown in Figure 3 , where we plot the contours of line-intensity ratios (compared to the C IV flux). We use the observed IELs in SDSS J2324−0946 to constrain the parameters. The colored areas represent the observed ranges for 1-σ measurement errors. Most of the line-intensity ratios intersect at area of n H ∼ 10 6.2 − 10 6.3 cm −3 and U ∼ 10 −1.6 − 10 −1.4 . With the estimated n H and U above, the distance of the emitting region to the central ionizing source can be derived as R = (Q(H)/4πcU n H ) 0.5 , where Q(H) is the number of hydrogen ionization photons,
L ν /hνdν ≈ 3.5 × 10 56 photons s −1 . In Figure 3 , we also show the contours (dotted lines) of R as functions of n H and U . In the overlapping region, R is constrained to be in the range of R ∼ 35−50 pc.
By combining R with the IEL width and assuming that the IELR is virialized, the black hole mass (M BH ) of this quasar can be estimated as, M BH = R(f FWHM(IEL)) 2 /G, where G is the gravitational constant and f is a scaling factor. With a simple approximation of an isotropic IELR and Gaussian-profile IELs, f = √ 3/2.354 4 (Li et al. 2015) . With these assumptions, we derive an estimate of M BH ∼ 1.5 − 2.1 × 10 10 M ⊙ . This is roughly consistent with the value of M BH ∼ 8.7 × 10 8 − 2.5 × 10 10 M ⊙ , estimated using the be naturally explained by the gas covering factor, as the model is calculated in the case of full coverage, and all emission line EWs are proportional to the value of gas covering factor. Thus, the ratio of EW model to EW observe can be interpreted as an estimator of the gas covering factor, as CF = EW observe /EW model = 6%.
The observed Lyα/C IV in Figure 3 For each dust-to-gas ratio, we repeat the dust-free process as described above. With the modeled and observed five line intensity ratios, we derive a best-fit
, where observe i , model i and error i is one of the observed, modeled and measurement error of the line intensity ratios. The left panel of Figure 5 shows the relation between the best-fit reduced χ 2 (χ 2 r ) and the dust-to-gas ratio. The χ 2 r is minimal when dust-to-gas ratio is only 4% SMC. The dust-to-gas ratio of SMC is low, about 1/20 of the Milky Way. Thus, the emission gas of SDSS J2324−0946 is very dust-poor, even if the smaller Lyα is caused by dust.
The above simulations are calculated in the case of ionization bound. To demonstrate the rationality of this assumption, we also carry out a photo-ionization model by varying the N H from a small value of
10
19 cm −2 to a vary large value of 10 24 cm −2 . For each N H , we repeat the ionization bound process as described above and derive a best-fit χ 2 r . The right panel of Figure 5 shows the relation between the best-fit χ 2 r with N H . It is clearly shown that χ 2 r decrease quickly with increasing N H in the beginning. When N H is larger than 10 22.5 cm −2 , χ 2 r approach to a constant value. This indicate that the ionizing bound condition in SDSS J2324−0946 can well produce the observed lines.
Fig. 5 Left:
The relation between the best-fit χ 2 r and the dust-to-gas ratio. The χ 2 r is minimal when the dust-to-gas ratio is only 4% times of SMC. Right: The relationship between the bestfit χ 2 r and column density. The χ 2 r decrease quickly at the beginning, and approach to a constant value when N H > 10 22.5 cm −2 .
The origin of the Intermediate-Width Emission Lines
The IELs of SDSS J2324−0946 may not originate from the typical NELR. It is generally believed that
NELs can serve as a surrogate for the stellar velocity dispersion (σ * ). However, the line width of IELs in SDSS J2324−0946 is σ ≈ 800 km s −1 , which is much larger than the largest value of σ * = 444 km s −1 for known galaxies (Salviander et al. 2008) . Also, according to the M BH − σ * relationship of Tremaine et al. (2002) , σ * is derived to be ∼ 420 km s −1 , obviously smaller than those of the IELs.
It is also unlikely that the IELs originate from the BELR. On one hand, the BELRs generally have a large density (∼ 10 10 cm −3 , Netzer et al. 2013) . To estimate the physical conditions of BELR in this object, we repeat the CLOUDY calculations following the processes of the IELR described above. As shown in Figure 6 , most of the BEL intensity ratios form an overlap of n H ∼ 10 10.1 − 10 10.3 cm −3 and
The Lyα/C IV of BELs is away from the overlap (the same as that of IELs), which may also caused by those factors mentioned in Section 4.1. Since the estimated density for the BELR in this quasar is much larger than the critical density of [O III]λ5007, n crit = 7 × 10 5 cm −3 , the observed strong [O III] λ5007 is hard to be produced in the BELR. On the other hand, the BELR volume is too small to produce the strong IELs. Assuming that the BELR of SDSS J2324−0946 is fully filled by gas with a density of the critical density of
, where the BELR radius is estimated to be R BELR ∼ 0.5 pc using the radius-luminosity relation of BELR (Kaspi et al. 2005) Intermediate-width [O III] emission lines are also observed in some radio-loud quasars, which is believed its radio intensity is very faint, not detected by the NRAO VLA Sky Survey (NVSS; Condon et al. 1998) with a detection limit of 2.5 mJy at 1.4 GHZ.
Based on the photo-ionization model calculations in Section 4.1, we found that the IELR of this quasar has a hydrogen density of n H ∼ 10 6.2 − 10 6.3 cm −3 and a distance to the central ionizing source of R ∼ 35 − 50 pc. Both of the inferred n H and R suggest that the IELR of this quasar may originate from somewhere of the dusty torus. The inside part of the dusty torus is unlikely to produce the observed IELs.
In this region, clouds are hard to be illuminated and emission lines are difficult to escape from the dusty torus, even if the dusty torus is clumpy (e.g., Krolik & Begelman 1988) . The places far away from the dusty torus (e.g., the pole-on regions) are also unlikely to produce the observed IELs in this quasar, as clouds in these regions are easy to be accelerated by the radiation pressure. Many researches reported that a large fraction (∼ 50%) of Seyfert 1 galaxies have blue-shifted intrinsic UV absorption lines (e.g., Anderson & Kraft, 1969; Crenshaw et al. 1999; Kriss 2002; Dunn et al. 2007 Dunn et al. , 2008 Ganguly & Brotherton 2008) , which suggests that outflow should be common in the ionization cone. It can be inferred that emission lines produced in this region should have prominent blue shifts, which is inconsistent with the observed IELs in SDSS J2324−0946. The skin of the dusty torus may be the most reasonable location producing the IELs in this object. In this region, clouds can be illuminated by the central ionization source and emission lines can easily escape. Besides, the dusty torus could be a reservoir for supplying clouds onto the skin. There can be a great deal of clouds for producing emission lines at the skin of the dusty torus. As the kinematics of these clouds should be similar to those of the dusty tours, the redshifts of the produced emission lines can be consistent with the systemic redshift of the quasar.
The photo-ionization model inferred n H of this quasar is much lower than the typical gas density near the inner part of the dusty torus, ∼ 10 9 cm −3 suggested by recent observations (Kishimoto et al. 2013 ) and modeling (Stern et al. 2014 ). In addition, according to the radius-luminosity relation of dusty torus (Koshida et al. 2014) , the inner radius of the dusty torus in SDSS J2324−0946 is estimated to be 2 pc. This value is obviously smaller than the radius of the IEL emitting region, R ∼ 35 − 50 pc. The comparison indicates that the IEL emission region of this quasar may locate in a far part of the dusty torus. In this location, illuminated gas with an intermediate density can produce both permitted and forbidden emission lines, as observed in the spectrum of SDSS J2324−0946.
The IELs in typical quasars are generally suggested to be very weak, since dust mixed in the IELRs can suppress the line emission (Netzer & Laor, 1993; Mor & Netzer, 2012) . an opportunity to constrain the gas physical conditions. With the measurements of the IELs, we investigate the physical conditions of emission gas, using photo-ionization model calculations. We found that the IELs are produced by gas with a hydrogen density of n H ∼ 10 6.2 − 10 6.3 cm −3 , an ionization parameter of U ∼ 10 −1.6 − 10 −1.4 , a distance to the central ionizing source of R ∼ 35 − 50 pc, a covering factor of CF ∼ 6%, and a dust-to-gas ratio of only 4% times of SMC at most. We discussed the origin of the IELR, and found that the IELs of this quasar are unlikely from the NELR, BELR, nor jet-induced outflow. We suggest that the strong IELs of this quasar are produced by nearly dust-free and intermediate-density gas located at the skin of the dusty torus. The case study of SDSS J2324−0946 suggests that there are also gas emission lines from a location between the conventional BELR and NELR of AGNs. Quasars with strong IELs, such as SDSS J2324−0946, can help us to evaluate the physical properties of these gas. and Keck spectrum in this work, deserve to be checked by further spectroscopically observations. SDSS J2324−0946 is not unique among SDSS quasars. This quasar has a M BH of ∼ 4.6 × 10 9 M ⊙ , a bolometric luminosity of ∼ 1.1 × 10 47 erg s −1 , and an Eddington ratio of ∼ 0.3, all of which are normal in the sample of SDSS DR7 quasars (Shen et al. 2011) . Besides, the UV/optical spectral index of this quasar is also typical, as its SED is nearly identical to the quasar composite spectrum from the rest-frame UV to NIR (Figure 2 ). These comparisons suggest that the appearance of IELs in SDSS J2324−0946 are not relate to the properties of the central engine, but to the local environment of the emission region. Finding more similar objects could help us to understand the generation conditions of strong IELs.
As mentioned earlier, SDSS J2324−0946 was found from a sample of 34 quasars with both rest-frame UV and optical emission line spectra. From this small sample, we did not find any other objects similar to SDSS J2324-0946. Taking SDSS J232-0946 as a prototype, we find analogues of SDSS J2324−0946 from large spectral sky surveys. Firstly, we search SDSS J2324−0946 analogues in high redshift through finding objects with similar rest-frame UV IELs. From BOSS DR12 quasar catalog (Alam et al. 2015) in the redshifts of 2 < z < 2.5 (∼ 10 5 objects), we preliminarily found tens of thousands objects whose UV emission lines present a strong intermediate-with component. The large number of these objects shows that UV IELs can be widely detected in the spectra of quasar, as noted by previous studies (e.g., Wills
1993; Brotherton 1994). Figure 7 shows examples of selected candidates. Besides, we also search SDSS quasar catalog (Schneider et al. 2010 ) and type II (bottoms panels) quasar catalog (Reyes et al. 2008 ).
doublet. From SDSS DR7 quasar catalog (Schneider et al. 2010) in the redshifts of z < 0.8 (∼ 20, 000 Figure 8 show examples of selected objects. These analogues found above demonstrate paper. Further studies of these objects could help us to understand gas between the conventional BELR and NELR.
